INTRODUCTION
In the last few decades, the time needed for a broiler chicken to reach a body weight (BW) of 2 kg has been considerably reduced (Havenstein et al., 1994) . Currently, chickens increase their BW 50 times in about 40 d or even sooner. Due to this short growth period, the period immediately after hatching has become increasingly important. However, in practice, a fasting period of 24 to 72 h after hatching is common (Dibner et al., 1998) , due to variation in hatching time and logistics. During the early days post-hatch, the rate of development of the small intestine exceeds the rate of BW gain (Katanbaf et al., 1988; Sell et al., 1991) . The birds undergo rapid functional development of the small intestine in order to attain the capacity to gain more weight (Uni et al., 1999) . A previous report by Bigot et al. (2003) indicated that incomplete development of the small intestine during this period might lead to growth retardation. Therefore, the time immediately post-hatch is a critical period for small intestine development of birds, and access to feed during this period stimulates the small intestine (Peng et al., 2010) .
Early feeding, either through access to feed and water soon after hatching, or via injection in ovo, has been demonstrated to be beneficial (Hornasio et al., 2011) . Early feed intake negatively affects yolk utilization (Noy et al., 1996) , gastrointestinal development (Noy and Sklan, 1999a; Geyra et al., 2001; Skalan, 2001; Bar-Shira et al., 2005; Van den Brand et al., 2010) , slaughter weight (Halevy et al., 2000) , final BW, and breast meat yield (Noy and Sklan, 1999b; Halevy et al., 2000; Noy and Uni, 2010) , as well as reducing intestine weight (Geyra et al., 2001) . Early access to feed, to a large extent, accelerated the growth rate of the small intestine and improved growth performance in birds (Noy and Sklan, 1998 ). In contrast, delayed feeding seems to depress immunological development (Dibner et al., 1998; Bar-Shira et al., 2005) . Therefore, early nutritional access in the immediate post- 
MATERIALS AND METHODS
The protocol for this experiment was reviewed and approved by the Institutional Animal Care and Welfare Committee of the National Institute of Animal Science, Rural Development Administration, Republic of Korea.
Birds and Housing
Eggs from a Hybro grandparent broiler breeder flock (40 weeks of age) were incubated at an eggshell temperature of 37.8°C and about 50% relative humidity in a commercial hatchery.
At d 20 of incubation, 200 hatched and dry chicks were taken from the incubator and brought to the experimental accommodation. Chickens were housed in wire cages (30 × 45 cm) in groups. Diets were formulated according to NRC (1994) 
Growth Performance
Body weight gain (g) and feed intake (g) were measured weekly. The feed conversion ratio was calculated as the ratio of body weight gain to feed intake. Body weight gain, feed intake, and feed conversion ratio were corrected for dead birds. wing meat were calculated as percentages of eviscerated carcass weight. The weights of gizzard, spleen, bursa, and small intestine were determined and gizzard/body, spleen/body, bursa/body, and small intestine/body weight ratios were calculated. At 7, 21, and 35 d of age, 10 birds per treatment groups were randomly selected, and blood samples were collected from the brachial vein using a 5-mL disposable syringe and needle which were then directly transferred into ethylenediaminetetraacetic acid vacuum tubes (Becton Dickinson, Franklin Lakes, NJ, USA). After coagulation, blood samples were centrifuged at 3,000 rpm for 10 min and the serum was stored in a freezer at -20℃ for analysis. Serum biochemical parameters, including total cholesterol, triglyceride, glucose, total protein, albumin, aspartate aminotransferase (AST), and ALT, were determined in an AU 480 autoanalyzer (Beckman Coulter, Japan).
Morphological examination was carried out according the modified method of Mitjan et al. (1997) . Briefly, 0.5-mm sections of sample preserved in formalin were processed and embedded in POLY Fin paraffin. Paraffin sections (5 or 6 µm) were subsequently stained with haematoxylin and eosin. The villus measurements from distal jejunum sections (n = 8 per treatment) were made from images obtained from an Olympus IX70 inverted microscope, processed with a Vay Tek deconvolution imaging system. The actual measurements were made using Image Pro Plus software. Villus height (villus tip to crypt junction) and crypt depth (depth of the invagination between adjacent villi) were determined on 20 villi per bird.
Statistical Analysis
All data were analyzed using one-way ANOVAs as a completely randomized design using the PROC MIXED procedure (SAS Institute, Cary, NC). Each replicate was considered an (1997), using the UNIVERIATE procedure of SAS; however, no outliers were identified. The LSMEANS square means were separated using the using Fisher's LSD (Ott and Longnecker, 2009 ) and significance was set at p ≤ 0.05 and 0.05 ≤ p ≤ 0.10.
RESULTS AND DISCUSSION

Body Weight Gain, Feed Intake, and Feed Conversion Ratio
Changes in body weight gain, feed intake, and feed conversion ratio from hatching to 35 d of age are shown in Table 2 . At 7 d post-hatch, broilers that were fed 3 h post-hatch showed increased body weight gain compared with those fed later. A significant positive effect of early feeding appeared at 7 d post-hatch, and this effect was sustained to 21 d of age (p < 0.01). Early feeding (within 3 h post-hatch) produced greater body weight gain than feeding at 12, 24, 36, or 48 h post-hatch. Furthermore, at 14 d post-hatch, chicks fed within 3 and 12 h post-hatch had greater body weight gain than those fed 24, 36, and 48 h post-hatch (p < 0.01).
Saki (2005) reported that body weight gain was decreased in chickens that did not have access to feed, compared with those which received a starter diet immediately after hatching. Table 3 . At 3 d, gizzard weight was significant heavier in chicks that were fed at 24, 36, and 48 h post-hatch, compared with chicks fed at 3 and 12 h (p < 0.05). Intestinal density (weight of intestinal tissue/ unit length of intestines, g per cm) indicates the digestive and absorptive ability of the intestine (Croom et al., 1999; Corless and Sell, 1999) . The small intestinal weight in the experiment was significantly higher (p < 0.05) in chicks that received early feeding at 3 and 12 h than those fed at 24, 36, and 48 h; however, early feeding posthatch had no significant effects on small intestinal length. No significant differences were Table 4 . At 7 d, early feeding had no effect on the concentrations of cholesterol, triglyceride, total protein, and AST; however, total protein content was higher (p < 0.01) in the early feeding at 48 h post-hatch, the concentration of cholesterol, triglyceride, total protein and AST was no significant by the early feeding time on 35 d.
Results of leukocyte profiles in chicks that received early feeding are shown in Table 5 .
From 7 to 21 d, there was no significant difference in the leukocyte count, including white blood cells, neutrophils, lymphocytes, monocytes, eosinophils, and basophils. At 35 d, the white blood cells, neutrophils, lymphocytes, monocytes, and basophils were still no different in chicks that received early feeding; however, the eosinophil count was significantly higher (p < 0.01) in chicks that were fed at 3, 24, 36, and 48 h post-hatch (and no higher in those fed 12 h post-hatch).
Intestinal Morphology
Data on the morphology of intestinal segments for chicks that received early feeding are presented in Figure 1 . The villus height and crypt depth tended to be greater in chicks fed at 12 h post-hatch. However, the villus height and crypt depth were not statistically significantly different in chicks that were fed early.
Undoubtedly, early access to nutrients stimulates gastrointestinal tract activity (Uni et al., 1998; Noy and Sklan, 1999) . The gastrointestinal tract increases in size and weight more rapidly in relation to body weight, during the early post-hatch period, than do other organs and tissues of chickens (Lilja, 1983; Katanbaf et al., 1988) . Uni et al. (1998) reported that chicks with immediate access to feed and water post-hatch have increased villus height and surface area of the small intestine and enhanced crypt development. The length of villi within the jejunum and ileum of chicks that received an amylase-supplemented corn/soy-based diet F o r R e v i e w O n l y -9 -was significantly increased, with a concomitant improvement in growth rate (Ritz et al., 1995) . These findings might suggest that the chicks had an increased absorptive area and were thus capable of absorbing more of the available nutrients (Caspary, 1992) .
CONCLUSION
The obtained results indicated that the early feeding as soon as possible post-hatch improved on growth performance in broiler chickens. Moreover, early feeding can promote organ development to maximize growth in broiler chickens. 
